In the CERN pp complex, antiprotons for collisions with protons or for direct use in experimental targets are provided over a -ery wide energy range, namely pp collisions at v'i = 540 GeV in the SPS, pp collisions at /i = 52 GeV in the ISR, T's down to a kinetic energy of 5 MeV from LEAR.
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This report gives an account of the experience gained so far, mainly in 1982, in actual physics runs in SPS and ISR, and during the commissioning of LEAR. The main novelty concerns an extended physics run of two months in the SPS, where a peak luminosity of 5.3x1028 cm s 1 was reached and an integrated luminosity of 28 nb'l (or 2.80x1034 cm 2) was supplied to the two main experiments UA1 and UA2.
Another very encouraging result was obtained in LEAR where p beams, extracted from the Antiproton Accumulator at 3.5 GeV/c and decelerated in the PS to 0.6 GeV/c, were successfully injected and captured in LEAR, decelerated to 50 MeV kinetic energy and stochastically cooled. The first physics run will take place this summer.
The ISR have exploited their excellent vacuum and reliability by storing antiprotons for physics runs of up to two weeks. There have been 10 physics runs to date and the peak luminosity achieved was 28 2 -2.5xlo cm s
SPS pp Collider
After some trials at the end of 1981 , the first extended physics run took place from October to December 1982. Following a start-up with 2 p bunches colliding with 1 p bunch, the standard operation of 3 p bunches colliding with 3 p bunches was sustained for a total of almost 600 hours in conjunction with the two main experiments UA1 and UA2. A total integrated luminosity of X 28 (nb l) was obtained (see Table 1 gives a short summary of the results obtained to-date, in comparison with the very ambitious design aims set at the beginning of the project in 19782. Ta The setting of the tunes was found to be extremely critical5. An illustration of this fact is given by Fig. 3 which shows the occupation of the tune diagram at injection between third and fourth order resonances. The proton beam is mainly affected by a coherent Q-shift while the antiproton beam suffers from the forces induced by the strong proton beam (strong-weak regime). Q values must be programmed during injection and acceleration to prevent particles from hitting the third and fourth order resonances.
Performance of the SPS Collider
As can be seen in Table 1 , the "missing factor" of the initial luminosity with respect to the design maximum of X 103 cm S 1 is mainly due to the lack of p's (factor X 8) and to the three instead of six bunches (factor 2). All other parameters, p bunch intensity, low-8 values, and emittances are either identical or very close to the design aims.
Concerning the emittances, it should be noted that, even if injected with a difference between the horizontal and the vertical planes, the beam gets rapidly round, with all four emittances (p and p's, horizontal and vertical planes) assuming the same value.
From the machine physics point of view a few points are interesting.
Low-6 and High-6 Insertions Nominal configurations with v *$ = 2*1 m2 in both experimental areas were successfuYly applied practically throughout the run with satisfactory background conditions 4 (see section on background for the experiments).
Indeed, the newly installed four sextupole families allowed very precise chromaticity corrections and an improved regulation system of the power supplies an accurate adjustment of the tunes.
An attempt was made to squeeze the r3-values further down to 1.5X0.75 m2, but machine settings were more critical and, above all, background conditions were worse and practically intolerable for one experiment. Hopefully, an improved scraping system will lead to better results in the future. The situation improves at 270 GeV/c (Fig. 3) , where the Q-shifts of the proton beam become negligeable and a spread is induced only in the antiproton beam by the beam-beam forces. However, it is seen that high-order resonances are continuously crossed, and this is believed V) .
ne to be the cause of the shorter life-time of the p beam. Optimum life-time is obtained by careful adjustments of the tune with a precision better than 0.001 to avoid resonances. To give an idea, the p life-time is reduced to only one hour if the particles straddle the 10th order resonance.
The Emittance Growth
As it is seen from Table 1 , another reason for the decrease of the luminosity with time is the growth of the emittance, which is considerable faster than would be deduced from multiple scattering against the residual gas.
In fact, the emittance increase per hour, if only mutliple scattering were responsible for the phenomenon, would be :
xt(hour) (rxlO rad.m)
where P is the residual gas pressure of pure N2 giving Ee same effect as the actual gas mixture. 
with T= 17.5 hours.
From this, the integrated luminosity is readily obtained :
where T = total duration of a run.
This expression allows the computation of the integrated luminosity as a function of T and T, taking into account that : to count rates proportional to the pp collisions (luminosity), the p-environment and the p-environment backgrounds.
Typical results are plotted in Fig. 5 , where it is seen that the p-environment background was % 10% and the p-environment background, after the loss of large amplitude particles during the first hour, even smaller. e-telescope rates (s ) .e ( ca2 s-.'J The road toward greater T passes through higher overall reliability of the entire complex.
It is also hoped that T could get longer, e.g. by means of a better control of the emittance growth.
Other improvements could be associated to "squeezed" low-s insertions (a gain factor of 1.3 if VH$V = 1.5X0.75 m2 could be tolerated by the experiments from the background point of view).
Globally, one can hope for a L(o) of the order of 1029 cm 2 S l and Lay of about one half of this value.
For a more substantial gain, it would be necessary to collect the antiprotons produced by an improved target system ("focussing" target in association with lithium lenses) over larger angular range and momentum spread into a new ring preceeding the present AA. Bunch rotation followed by rapid transverse and longitudinal stochastic cooling (a few seconds) would provide suitable antiproton pulses to be transmitted to the AA, which would accumulate and cool them over many hours as at present. Preliminary studies indicate that an overall gain of a factor of ten could be obtained in the stacking rate A.
ISR pp Collider
Since the start of operation of the ISR pp collider early in 19815, there have been 10 physics runs yielding a total of 1419 hours of physics data-taking time (see Table 2 ). The peak luminosity of 2.5X1028 cm 2s l was achieved during the last run in Table 2 with 6.48 mA of antiprotons against 21.15 A of protons in the superconducting, high-luminosity insertion. The integrated luminosity for physics in this last case was 1.5X1034c 2. 5 mA circulating in the ISR), whereas one normal PS pulse is 3X10'2protons, it is clear that antiproton operation demands a very different approach. Over the two years of operation the magnet settings have been sufficiently reproducible from run to run to ensure that the first injected pulse has always circulated in the ISR. On average only three pulses of X 2X1O antiprotons are required to optimise the injection, check the closed orbit in the ISR and the transfer lines from PS and determine the stacking aperture. All optimisations of the transfer line and machine are done with these lowintensity antiproton pulses, since reverse injection of protons is not possible. Once optimised, the transfer efficiency from the AA stack to the ISR stack varies between 100% and 90% according to the degree of cooling in the AA.
Two main improvements have been made to the ISR machine to achieve this performance : i) New pick-up electronics were designed for operating with bunch intensities of % 109
particles with a precision of 0.6 mm r.m.s. ii) Hall probes were installed in all transfer lines for making accurate relative changes in field settings so as to avoid errors from hysteresis and saturation effects.
There is also a far greater use of on-line computer checking and logging of all measured data from each antiproton pulse to help diagnostics.
Stochastic Cooling
Stochastic cooling is used in both the transverse and longitudinal planes on the antiproton beam and in the transverse vertical plane on the proton beam. For the weak antiproton beam, the stochastic cooling systems completely dominate the blow-up mechanisms and during the first 6 to 8 hours the beam dimensions are shrunk typically to give a 15-10% increase in luminosity. For proton beams of 10-12 A, the transverse cooling can only stabilise the beam blow-up. This is achieved with two systems with bandwidths of 2 GHz acting independently on the inner and outer halves of the proton stack.
The momentum cooling was applied in the last two runs in Table 2 to create space within the ISR aperture to stack further AA transfers. Fig. 6 shows how an irregular beam with some particles still left near the injection orbit can be cooled into a single narrow peak in one day. The momentum cooling system also cools the horizontal transverse oscillations.
Machine Conditions
With a disparity in intensity of over three orders of magnitude between the two beams, the signal to noise ratio in the physics counters is critically dependent on the background coming from the stronger proton beam, since this can easily exceed the low luminosity. For the early runs neither of the high luminosity insertions were used and loss rates were extremely low and stable giving excellent background conditions. With the highluminosity insertions, there is intrinsically more excitation of machine resonances. The initial conditions that can be obtained are excellent, but the rather more rapid growth of the loss rate makes it necessary to scrape the halo away from the stronger proton beam every few hours in order to restore the background conditions.
Antiproton Lifetime
During the last physics run in 1981, the circulating antiproton current of 1.998 mA had an undetectably small loss rate during the first 55 hours of the run (see Fig. 7 ). The first period of stable beams (55 h) was used to measure the lifetime of the antiproton. The synchronization of the machines to less than 1 ns, the stability of the power supplies to X 10 5, the accurate setting of many parameters and the automation of operational procedures have proven to be indispensable ingredients of fruitful data-taking runs.
Another aspect which warrants to be stressed, is the availability of reliable beam diagnostic and monitoring systems, and, of course, of very sophisticated feed-back loops to ensure the bunch stability in the SPS.
Finally, it can easily be understood that this operation, the most sophisticated one ever attempted in the history of accelerators, was only made possible by a very competent and dedicated staff of machine physicists and operators, whose presence in the Control Rooms in number larger than for more routine operation was essential for the success of the endeavour.
